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Abstract 
Advanced Traveller Information Systems (ATIS) have been used worldwide to mitigate different road traffic impacts such as 
traffic congestion. However, the impact of these systems in fuel use and emissions is still an important research topic, due to their 
non-linear behaviour. Therefore, this paper aims to evaluate the impact of traffic incidents on a regional scale on energy and 
emissions levels. To achieve these objectives, several scenarios assessing different degrees of information (through the use of 
ATIS) were analysed. To model both traffic operations and emissions a mesoscopic traffic model (DTALite) and a road 
emissions methodology (EMEP/EEA) were used. The data related to the characterization of the road network was collected 
between Oporto and Aveiro, in Portugal. To ensure reliable results, the traffic model was calibrated and validated taking into 
account statistical methods that compare observed traffic flows and travel times with the values estimated by the model. The 
simulation platform was then used to assess the impact of traffic incident when it occurs in two different road types (a motorway 
and a highway), in order to evaluate the impact of usage and availability of information on emissions and fuel consumption. The 
results show that in a regional road network for each occurred incident, the use of ATIS can allow a maximum reduction of 
emissions and energy consumption on those routes where they occurred to up 2%. Nonetheless, a global analysis of the network 
indicates different results depending if the incident occur in a motorway or in a highway. In both cases, drivers tend to choose a 
route with similar costs to the previously selected. Furthermore, a non-linear trend between the availability of information and the 
impact on emissions and energy consumption was found.  
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1. Introduction 
To solve different types of traffic impacts such as traffic congestion, Intelligent Transportation Systems (ITS) as 
Advanced Travellers Information Systems (ATIS) have been used worldwide. These systems can help travellers 
with supporting tools to improve their planning trips by providing real time information, for instance, the occurrence 
of incidents, the road traffic flow or weather conditions. Moreover, this information contributes to improve the 
system efficiency by enhancing road safety and also, by reducing congestion, fuel use and emissions (Ahn and 
Rakha 2008; Bandeira et al. 2012; Chen and Yang 2012; Ericsson et al. 2006; Hu 2009; Zhang et al. 2011).  
In spite of an extensive number of studies demonstrating the effectiveness of different ITS on the improvement of 
network performance (Erke et al. 2007; Hu 2009; Bigazzi and Figliozzi 2012), the knowledge of its benefits in the 
emissions field is very limited. One of the first studies that examined the effects on fuel consumption and carbon 
dioxide (CO2) emissions through a navigation system was conducted by Ericsson et al. (2006), in the city of Lund, 
Sweden. The authors achieved average fuel savings of 4% in all trips by using a fuel-optimized navigation system. 
Alternatively, Flamm (2009) recognized that these technologies were not enough to decrease fuel consumption since 
households with pro-environmental behaviours own fewer and more fuel-optimized vehicles, drive them less. 
Previous authors have applied mesoscopic modelling in congested regional areas by using different ITS. The 
research of Ben-Akiva et al. (2012), Hu (2009), Kristoffersson (2013) and Rouphail and Hu (2008) should be 
highlighted. Ben-Akiva et al. (2012) applied DynaMIT-P mesoscopic traffic model to a highly congested area in 
Beijing, China. They found that an implementation of a restriction policy on demand significantly increased road 
efficiency and reduced congestion. Hu (2009) showed that without ATIS use, vehicle’s travel times increased more 
than 200% as a result of an incident. Rouphail and Hu (2008) concluded that the pre-trip information improved 
traffic performance and safety, but it is inefficient in large sized networks. Just recently, Kristoffersson (2013) used 
the quasi-dynamic mesoscopic assignment model CONTRAM to compare traffic and welfare effects of changes to 
the charging schedule currently in use in Stockholm, Sweden. Her findings confirm that demand changes are 
verified in the model to a significantly extent for trips with low value of time. Zhou et al. (2014a) examined the 
ability of Newell’s car following model of the mesoscopic simulation-based traffic DTALite to assess traffic 
dynamics and vehicle emission/impacts of different traffic management strategies. By coupling this car-following 
model and MOVES emission model, they performed a preliminary test in Portland area with more than 2,000 zones 
and 1.2 million vehicles. The authors demonstrated the capability of Newell’s car following model to generate 
vehicle trajectories on a second-by-second basis. 
In summary, it can be observed that the benefits of ATIS, in both fuel use and vehicular emissions have not been 
well addressed in the literature. The conducted studies are usually focused in the study of global emission pollutants 
discarding local pollutants. In addition, the comparison of different road types in terms of emissions was not fully 
explored, namely when an incident occur. Thus, the main objective of this research is to assess the impact of traffic 
incidents on a regional scale at energetic and emission levels. To accomplish the objectives proposed, several 
scenarios that assess different degrees of information (through the use of ATIS) were analysed. To model both 
traffic operations and emissions estimations, a mesoscopic traffic model (DTALite) and a road emission 
methodology (EMEP/EEA) were used (EEA 2013; Zhou 2014b). 
The paper is organized as follows. Section 2 briefly describes the methodology developed in this study. 
Information regarding simulation steps (calibration and validation), data sources used in its development and an 
application in a real world case study are provided in detail. Section 3 presents the analysis and discussion of results 
and Section 4 presents the main conclusions and future recommendations. 
2. Methodology 
The methodology in this work was divided into three steps. First, road characteristics and traffic flows between 
zones were collected and modelled in the traffic simulator (DTALite). In the second step, the calibration and 
validation of the traffic model was performed for the baseline scenario. Finally, several scenarios were defined. For 
each scenario emissions and fuel consumption were estimated using the EMEP/EEA methodology. Figure 1 presents 
an overview of this methodology and the next sections a detailed description of these steps. 
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* NOx: nitrogen oxides; HC: hydrocarbons; PM: particules matter; CO: carbon monoxide; CO2: carbon dioxide estimated based on the FC; FC: fuel consumption. 
Fig. 1. Methodology used. 
2.1 Simulation framework 
The analysed road network is located between the cities of Oporto and Aveiro, Portugal, two cities with about 
200 and 60 thousands of inhabitants respectively (CENSOS, 2011). These two cities separated by about 70 km are 
connected by four main roads, two highways (N109 and IC1) and two motorways (A1 and A29). This network with 
about 250 km long was simulated with the DTALite mesoscopic model (Zhou 2014b). The main roads of this region 
were represented using 148 links and 81 nodes distributed by 11 zones. Figure 2 shows the tolls location in the 
network, as well as the population distribution in each zone.  
DTALite is a dynamic traffic assignment (DTA) model that requires only a minimum set of static data as input 
values and some time-dependent values (Origin/Destination - O/D matrix). As a flow model, DTALite uses 
Newell´s simplified kinematic wave model which defines a triangular relationship between flow and density. With 
this relationship the model represents the evolution of the traffic, ensuring a direct connection between travel time 
and congestion. The model relates congestion with physical variables (density, speed, volume) on the links when 
presented with interruptions in traffic circulation allowing define the percentage of drivers with on-board and pre-
trip information. 
The main goal of these DTA models is to determine the flow of traffic and the conditions that result due to 
interactions of the demand that depends on driver’s route selection. In DTALite after inserting an O/D matrix, the 
simulator builds travel times along the links. Then, all paths are processed and adjusted according to the information 
received by the drivers. For this purpose, the definition of zones is a key step to understanding mobility. In this 
paper, eight zones in the study field and three zone connectors were defined. Although, these connectors do not 
integrate the study field they allow to insert trips with origin in zones outside the study domain they has a large 
impact in the traffic volume present in the network. 
The study domain includes two independent O/D matrices: one for Oporto area, and a second one for Aveiro 
area. Figure 3 shows these matrices (PIMTRA 2012; Oliveira et al. 2007). Traffic volumes data were also collected 
(Coelho et al., 2014). However there was no available data on O/D matrices linking these areas. To solve this 
problem, a boundary area between Oporto and Aveiro areas with a random traffic demand was created. Afterwards, 
these O/D demands were adjusted to match observed traffic data using the Origin Destination Matrix Estimation 
(ODME) included in DTALite (2013). This iterative procedure consists in the following steps. First, vehicles are 
assigned to the network. Second, it compares observed and estimated traffic flows on links with available data. 
Third, it adjusts demand data. Fourth, it reassigns trips in the next iteration process (Nevers et al. 2013). To do this, 
ODME uses an empirical function to compare the deviations between observed and estimated data for each link of 
the O/D matrices and re-calculate a new O/D matrix when estimated data is closed to the observed data. This 
function is defined by (Zhou, 2013): 
Road traffic modelling 
(DTALite)
Calibration and validation 
Road traffic modelling  
(DTALite)
Emission modelling  
(EMEP//EEA)
BASELINE SCENARIOS 
OUTPUTS 
MODEL 
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Road characteristics, 
zones characteristics; 
traffic counts, O/D matrix, 
speed
Average speed 
Traffic counts 
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where ݈ǡ ݏ is the link index in a transportation network; ܲ௟ǡሺ௜௝ሻ is the link flow proportion matrix which describes 
the fraction of vehicular demand flow from O/D pair (݅ǡ ݆) contributing to the flow on link ݈; ܲ௟ǡ௦ǡሺ௜௝ሻ is the movement 
flow proportion matrix which describes the fraction of vehicular demand flow from O/D pair (݅ǡ ݆) contributing to 
the movement counts from link ݈ to link ݏ; ݀ሺ௜௝ሻ describes de O/D demand matrix; ݀′ሺ௜௝ሻ is the target or historical 
O/D demand matrix; ܿ′ is the link counts; and ܿ′௟ǡ௦ the turning movement counts.  
The outputs of the traffic model were used as input variables in the emission model. For this case, the 
EMEP/EEA methodology was used (EEA 2013). EMEP/EEA is an emission factor inventory based on speed, slope 
and load factor. The emission factor equations are available for several types of vehicle classes. Different emission 
factors are available depending on the age and motor of each vehicle class. While calculating the emissions a 
statistical distribution of the Portuguese fleet was used along the links in the road network. More details in Coelho et 
al., (2014). NOx, HC, PM, CO and FC were selected. 
 
   
Fig. 2. Study domain with the population distribution and the location of the different roads types, nodes, zones and tolls. 
 
         
 
   
 
Fig 3 – O/D matrixes for the study domain Oporto/Aveiro (veh/day). 
Aveiro 
Oporto 
Zone 
 
Node 
 
Motorway 
 
Highway 
 
Ramp 
 
Toll 
O/D Oporto Gaia Espinho Entre Vouga Conexion (*) 
Oporto  2513 99 535 9038 
Gaia 13445  985 2215 5577 
Espinho 615 772  1193 170 
Entre Vouga 1958 1907 783  453 
Conexion (*) 33761 4707 126 828  
 
O/D Aveiro Ovar Estarreja Albergaria Conexion (*) 
Conexion 
(**) 
Aveiro  4378 4318 4378 21294 5879 
Ovar 1980  1717 91 47 123 
Estarreja 4378 1671  472 288 86 
Albergaria 4827 91 468  403 2463 
Conexion (*) 21318 47 2856 470  5306 
Conexion (**) 5901 123 126 2563 5562  
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2.2 Calibration and validation 
In this research, the model calibration addressed the parameters related to the O/D matrices data, number of 
simulation runs and traveller-specific value of time parameter (Zhou 2014b) while the validation step was focused 
on the comparison between observed and estimated data for traffic flows and travel times. These validation 
parameters were selected since they reflected the level of service of the study area (Dowling et al. 2004). 
The calibration step consisted of fitting above traffic model parameters according to the study domain 
characteristics. To verify the performance of the ODME estimation problem, the overall goodness of fit measure (R-
squared) for the assigned traffic flows was used by applying a linear regression. This measure explains the strength 
of the linear relationship between the estimated and observed traffic flows (Cambridge Systematics Inc. 2010). 
Regarding the number of simulation runs, a wide range of guidelines to recommend multiple runs with different 
random seeds for microscopic models is available. Hale (1997), for instance, suggested an initial number of 
simulation runs between 10 and 20. Since not standards are known for mesoscopic modelling (Sloboden et al. 2012), 
the authors decided to conduct 10 initial random seed runs. The calibration of the value of time parameter is centred 
on effects of this parameter on travel times. In this case, a sensitivity analysis within value of time threshold values 
was conducted.  
To validate traffic flows, the current accepted practice, as recommended by the Federal Highway Administration 
(FHWA) (Dowling et al. 2004), is to rely the Geoffrey E. Havers (GEH) statistic for assessing goodness of fit. To 
obtain an accurate representation of network traffic conditions, some authors (e.g. Casas et al. 2011; Ben-Akiva et 
al. 2012) recommend that over 85% of selected loop detectors must record GEH values under 5, but GEH values 
under 10 are acceptable. Along the use of GEH, the Root Mean Squared Percentage Error (RMSPE) and the overall 
goodness of fit measure (R-squared) for the assigned total volumes (as made in the calibration process) were used. 
The RMSPE is a measure of accuracy of the traffic assignment which quantifies the average error between the 
observed and estimated traffic volumes (Cambridge Systematics Inc. 2010). 
Calibration and validation were based on different data collection points (see Figure 4.a and 4.b). These points 
were selected in order to maintain consistency of the traffic flows and the remaining roads of the selected study case. 
Estimated and observed travel times were also compared in 11 random routes (4 – highway and 7 – motorways). 
(a)      (b) (c) 
Fig. 4. Location of the data collection points used for: (a) calibration; (b) validation; (c) incidents. 
2.3 Scenarios 
In the reference scenario vehicles and paths are generated based on the O/D demands under normal traffic 
conditions i.e. assuming a user equilibrium assignment. In this scenario any pre-trip or on board information is 
assumed such information is not critical under recurring congestion patterns. This scenario will be validated and 
68 km 
Motorway 
Highway 
Ramp 
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used as support for the further scenarios. 
To access the impact of traffic management strategies in the fuel consumption and emissions the occurrence of 
one incident was analysed in the regional road network of Oporto-Aveiro. For this purpose, two case studies were 
defined considering the occurrence of the incident in different road types: 1) an incident located in a motorway; and 
2) an incident located in a highway. In both cases, the location of the incident was done in routes/areas with 
significant traffic congestion levels where the average speed is reduced to half during peak periods. Figure 4.c 
shows the location of the simulated incidents. 
For each case study, seven scenarios where analysed with different information rates: 
x Scenario 1: drivers did not have access to any information about road incidents before or during their trip. Drivers 
continue to use the normal paths and adhere to them throughout the simulation. Although this is not a very 
realistic situation it does represent the worst case; 
x Scenario 2/3/4: combine situations where drivers have access to full information received by on-board devices 
based on V2V/V2I (Vehicle two Vehicle / Vehicle two Infrastructure) with drivers that follow their usual paths. 
Examples of V2V are the Vehicular Ad Hoc Networks (VANETs) and examples of V2I devices can be the 
Global Positioning System (GPS), Smartphone’s and radios. Three types of percentages were defined according 
to the amount of drivers which received information: 25%, 50% and 75%; 
x Scenario 5/6/7: combine situations where drivers have access to pre-information (provided by pre-trip route 
planning software and through conventional traffic information systems such as variable message signals panels) 
with drivers who follow their normal route without having any information. Three types of percentages were 
defined according to the amount of pre-trip information received by the drivers: 25%, 50% and 75%. 
It should be noted that in V2V systems drivers can receive travel information anywhere and anytime, thereby 
they can avoid congestion due to the timely acquisition of the information. Regarding V2I, the infrastructure control 
gathers the global traffic information. If appropriate, the system suggests alternate routes to the equipped vehicles. 
Table 1 summarizes all scenarios evaluated in this research. 
The simulation of each case study and scenario was run for 7,200 seconds with the first 3,600 seconds used for a 
warm-up period and data extracted only for the remaining 3,600 s. The incident with a duration of one hour took 
place the morning peak hour (8 to 9 AM). During their occurrence, the route capacity is blocked in 80%, and the 
average speed in this link is reduced to 22 km/h in the motorway and 11 km/h in the highway. 
Table 1. Definition of the scenarios. 
Scenario Description 
1 Baseline scenario No information  
2 On board information  25% On-board information; 75% Normal route 
3 Vs.  50% On-board information; 50% Normal route 
4 Normal route 75% On-board information; 25% Normal route 
5 Pre-trip information  25% Pre-trip information; 75% Normal route 
6 Vs.  50% Pre-trip information; 50% Normal route 
7 Normal route 75% Pre-trip information; 25% Normal route 
3. Results and discussion 
3.1 Model calibration and validation 
Figure 5 illustrates R-squared (R2) values of the calibration and validation results by using a linear regression. 
Specifically, R2 values of 0.81 and 0.74 of the estimated traffic flows versus observed traffic flows were recorded 
for the calibration (see Figure 5.a) and validation (see Figure 5.b) procedures, respectively using the ODME. These 
values are close to the recommended for this size type of domains (Cambridge Systematics Inc. 2010). It can be also 
observed that estimated values were randomly distributed around the observed traffic flows. Such evidences 
suggested that the volume-delay functions could have a relatively little effect in the traffic assignment. 
47 T. Fontes et al.  /  Transportation Research Procedia  3 ( 2014 )  41 – 50 
 
 
 
 
 
 
                       a)           b) 
Fig. 5. Estimated traffic flows versus observed traffic flows for: a) calibration; and (b) validation. 
Concerning the calibration of the value of time, no changes on vehicle’s travel times were verified. Therefore, the 
default value of this parameter was assumed.  
A summary of traffic flows validation results is presented in Table 2 for 10 initial simulations with varying 
random number seeds. It showed that 8 (44%) of the 18 loop detectors points achieved GEH values higher than 10 
while RMSPE exceeded the 20% in half of the loop detectors analysed. These results can be explained by the 
limitation on the availability information of a unique O/D data to the whole study area. However, these results were 
considered to be satisfactory since the most congested period was modelled, and also that this study domain has a 
considerable size with heterogeneous traffic conditions (Dowling et al. 2004; Cambridge Systematics Inc. 2010). 
Regarding the validation in terms of travel time, similar results were achieved between observed and simulated 
values (Figure 6). As such, it was concluded that 10 simulation runs are considered as acceptable. 
Table 2. Summary of traffic flows validation results. 
Loop Detector Observed traffic flows (vph) 
Estimated traffic 
flows (vph) GEH 
RMSPE  
(%) 
1 843 586 9.6 44 
2 4300 4962 9.7 13 
3 4086 3397 11.3 20 
4 593 586 0.3 1 
5 2459 2892 8.4 15 
6 4563 3397 18.5 34 
7 4460 4962 7.3 10 
8 2717 2106 12.4 29 
9 1002 822 6.0 22 
10 2269 1067 29.4 113 
11 908 1365 13.6 33 
12 2353 2000 7.6 18 
13 507 808 11.7 37 
14 513 1543 32.1 67 
15 1354 542 26.4 150 
16 1595 1398 5.1 14 
17 1629 1873 5.8 13 
18 419 470 2.4 11 
Note: shadow cells indicate upper threshold values of GEH. 
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Fig. 6. Average and standard deviation of observed and simulated travel time (seconds) to 11 routes in the road network. 
3.2 Scenarios evaluation 
As example, Figure 7 exhibits the average emissions (NOx, HC, CO, PM and CO2) and fuel consumption (FC) 
estimated by scenario (2-7) and route (A29, N109, A1 and EN1/IC2) for the incident occurred during one hour (8-
9h) in a highway (EN1 – case study 2), blocking these routes in 80% of their capacity. Similar results were found to 
the incident occurring in the motorway (A29 – case study 1). 
The results shows that when information is provided to the driver, the impact on emissions and fuel consumption 
in the route of the incident decreases in all scenarios and for both case studies. This reduction ranges between 0.6% 
and 2% in the case of the motorway incident and 0.4 and 1.8% in the case of the highway incident.  
 
 
  
 
 
Fig. 7. Average emissions (NOx, HC, CO, PM, and CO2) and fuel consumption (FC) estimated by scenario (2-7) and route (A29, N109, A1 and 
EN1/IC2) for the incident in a highway (EN1), during the morning peak-hour (8-9 AM). 
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When the access level to information increases, drivers tend to seek more alternative routes. In such cases, the 
average emissions and fuel consumption decrease in the route of incident. Considering the case study 1 (A29 
motorway), the main alternative routes selected for the drivers are A1 and EN1 while in the case study 2 (EN1 
highway) are A29 and N109. For both case studies, drivers choose alternative routes with similar characteristics of 
the incident route, i.e. with same road price and travel time. Nonetheless, depending of the level of information 
provided, the emissions and fuel consumption recorded in these alternative routes increases from 0.3% to 1.8%, as a 
result of the high traffic demand.  
The results also confirm that the impact in the environment related with the amount of information provided to 
the driver is not linear. If the information increases from 25% to 50%, the impact increases or decreases 0.3-0.7%, 
but when the information increases from 50% to 75%, the impact is typically, half of the value previously recorded. 
Although these values are very small (only the occurrence of one incident in the road network was explored), they 
reflect the maximum impact allowable in a real network. For instance, if two incidents happen in different roads, 
their impact will not decrease, especially in the situation of highly congested alternative routes. Thus, this results 
suggest that in a regional domain, the efforts to provide a highly amount of information related with the incident 
(>50%) in some roads may not be translated in relevant emissions benefits. These results are in accordance with the 
work conducted by Rouphail and Hu (2008) which conclude that the pre-trip information improved traffic 
performance, but it is inefficient in large sized networks. Consequently, the political implications related with the 
use of ATIS in a regional scale must be carefully analysed and planned.  
4.  Conclusion 
This paper explored the usage and availability of information provided by ATIS on a regional scale in order to 
quantify the impact of traffic incidents on energetic consumption and emissions (NOx, HC, PM, CO and CO2) 
levels. Several scenarios with different degrees of information (through the use of ATIS) were analysed using a 
simulation platform which combined a mesoscopic traffic model (DTALite) and a road emissions methodology 
(EMEP/EEA). This platform was then used to assess the impact of a traffic incident which can occur in two different 
road types: a highway and a motorway. The validation of the model had good results. R2 values are close to the 
recommended in this type of studies. The simulated traffic flow and travel time values were considered acceptable 
due the limitation on the availability information of a unique O/D data to the whole study area. With this work it has 
been demonstrated that: 
x In a regional road network the use of ATIS can allow, for each incident, a reduction in emissions and energy 
consumption on the routes where they occurred, up to 2% for motorway and highway; 
x A non-linear trend was found between the availability of information and the impact on emissions and energy 
consumption. If the information increases from 25% to 50%, the impact increases or decreases 0.3-0.7%, but 
when the information rises from 50% to 75%, the impact is typically half of the value previously yielded. 
Therefore, having access to pre-trip information might not always bring benefits especially in large networks 
where traffic conditions could change between the departure time and the arrival time. Thus, the results obtained 
with this paper suggest that the usage and availability of the information provided by ATIS, namely in a regional 
scale must be carefully analysed and planned. In fact all the efforts to provide a highly amount of information to the 
driver (>50%) may not be translated in relevant emissions benefits. As a result, a definition of an area of impact 
must be previously defined in order to control the environmental and economic costs. 
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